‘From biochemistry to business’ closing address  by Hughes, A.H.
Volume 35, number 2 FEBS LETTERS 
'FROM BIOCHEMISTRY TO BUSINESS' 
CLOSING ADDRESS 
A.H. HUGHES 
Arthur Guinness Son and Co., Dublin, lreland 
September 1973 
I will not presume to talk about biochemistry: ou 
have had neady four days of it and the little I knew 
was learnt forty years ago or more. Rather, I would 
like to take this opportunity of scanning what might 
be called the 'Transition Elements' between a scientific 
education and running a business. After all these years 
it is still not the general rule for those in charge of a 
business to have had a scientific education 
Your meeting is, I know, about industrial aspects. 
I am using the word 'business' rather than 'industry' 
because the former seems to me to cover a wider range 
of thought and action. It brings in the money side and 
the marketing side, not just the production side, and 
in this transition that I am discussing, there is a bridge 
which many never cross - from industry to business. 
So, the main points I wish to make are these. You, 
as scientists, produce ideas. 
.First, the business man needs to be reminded from 
time to time that he lives on ideas; that he lives on 
men who can breed ideas: that he lives on men who 
can manage ideas: that is, can use them fruitfully, 
economically and with forbearance i.e. morally. 
Therefore, in your work as scientists - teaching 
people of varied aspirations, please bear in mind those 
who are not academically minded and try to help 
them over the stile into the business world. 
Secondly, the business man needs to be reminded 
that ideas come in unpredictable ways. The only 
certain prediction is that something unpredicted will 
happen. Therefore, those who join in the current 
clamour for increased relevance of science are very 
short-sighted people. They just do not understand 
what they are talking about. How do you know the 
relevance of the unknown? Or the irrelevance of the 
known? Therefore, do not starve basic (pure-funda- 
mental) science. This is as true for smaller communi- 
ties as for larger, for 'small science' as for 'big science'. 
Thus, although the common topic of  your meeting is 
the industrial aspects of your subject, I hope no one 
will forget that there are other aspects. 
I will begin the transition story at the university 
and what I learnt there and what I did not learn there. 
I learnt the following things: First, the meaning of 
excellence. You are exposed early in your career to 
people who are very much better than you are - very 
much bigger brains - unless you have this exposure 
early on you are not so likely to understand how 
important this is. Excellence comes in many forms - 
not just the touching the hem of Gowland Hopkins' 
ancient gown; of listening to Rutherford; seeing J.J. 
Thomson. 
I remember one day in 1933 a new face appearing 
in the laboratory, one of several recent arrivals from 
Germany, a kindly face and a quiet voice that in due 
course expressed some interest in my work. Among 
other things he asked about the melting point of  my 
myristic acid. I told him. He then asked - might he 
have a little of it? Some days later he returned with the 
sample saying - perhaps I would find 'that' a little better. 
And so it was - the quiet man - a future Nobelprize 
winner had recrystallised it fourteen times; second!y, 
I learnt the universality of science, that it has no 
boundaries, in a decent world. I had already learnt the 
inadequacy of patriotism from the words of nurse 
Edith Cavell: 'patriotism is not enough', but things 
were happening in 1933 which taught me the evil side 
of patriotism. Karl Winnacker in his recent autobio- 
graphy records the warning given by Bosch to Hitler 
on the consequences of the dismissals of Jewish 
scientists and Hitler's reply - 'Then we work for a 
century without physics or chemistry'. 
In the laboratory I was working in, the professor 
was, I believe, Irish. We had at various times when I 
was there, Czech, Hungarian, German, Norwegian, 
Dutch, Spanish - a sort of  micro-FEBS meeting day - 
with a sprinkling of Mexican, French Canadian, 
American, South African, Australian and New Zealand. 
How could one foretell what a privileged education 
this all amounted to? Thirdly, I began to learn about 
different kinds of people - irrespective of their race 
of creed. There were just two people I met who were 
primarily interested in money, that is, who were in- 
187 
Volume 35, number 2 FEBS LETTERS September 1973 
terested in the use of money as distinct from making 
it. Both of these men incidentally seemed to have 
plenty already. 
The rest seemed about equally divided between 
those who were interested, in an imprecise way, in 
making money - realising increasingly that the 
academic world would not do this for them, with no 
itch to teach and sometimes with no flair for research 
either; and the other half who were the real men of 
science. 
And so it worked out, apart from a few who 
entered civil service in various ways, about half went 
into industry and a half into the academic world. Did 
we have any career guidance? Not that I can recall - 
save the words of a cynical and very senior co-worker 
who told me that if I went into industry I would 
probably find myself trying to make caustic soda a 
farthing a ton cheaper; or on the other hand that I 
could sink from research studentship to research 
studentship until I ended up in the final obscurity of 
a professorial chair. 
I still think it was all very delightful but very very 
extravagant, because now I turn to what I did not 
learn at that time: First, I did not learn the meaning 
of time or money or of priorities - even the simplest 
things such as the real cost of the materials we used, 
the buildings we worked in, the pay of the mechanics 
and laboratory assistants. As for time - you went off 
to the library and read up the literature at leisure 
before deciding on your next experiment; secondly, I 
did not learn that if I went into industry the yardstick 
of success would no longer be just excellence, but as 
much excellence as you could afford in the time 
allotted; and that in some industries because durability 
outlasts improvements, economics dictate sub-optimal 
production; and that profit is the common ultimate 
yardstick; thirdly, I did not learn the need to deal with 
people not used to logical reasoning. The cost of 
learning this by doing can be very expensive to 
industry, and there are things that can be taught in 
the field of industrial relations. 
I did not learn the value of people who had 
emerged by the 'other route' i.e. without the benefit 
of a university education. As Eric Ashby has said - 'It 
is increasingly difficult for a girl of boy of average 
intelligence to avoid having a university education'. 
Industry is the poorer if such people no longer exist; 
Fourthly, one learnt little of  the effect of the scale 
of operations on the process itself, let alone on its 
economics. The difference between test-tube and tank, 
between pouring things and pumping them, surface/ 
volume ratio effects, mixing effects. In short - the 
engineering aspects - and ignorance of these I am 
sorry to say still costs industry a very great deal in 
hard Cash;.Fifthly, one did not learn the value of 
routine, nor of repetition or of its corollary -
quality control; Sixthly, one did not learn the value of 
the much maligned examination system - that what 
you can recall, quickly, unaided, in a limited time, 
under stress, is what matters every day in business, 
and that if you are going to break down under stress, 
then it is better to find out sooner rather than later; 
Seventhl¥, that going into industry leads later on to 
another choice - for which many are unprepared and 
many are unsuited. This is the further bridge from 
industrial research, by its nature production oriented, 
into the full fire of the business world - financing -
marketing - for if you don't like the heat, keep out 
of the kitchen; Eightly, that while science is interna- 
tional and public, technology is seldom either. That 
while publication is the measure of academic progress, 
yet in the brutal world of business, the better your 
work the less likely it is to be published. 
So I remain with some suggestions to various people 
who are involved in this transition. 
1. To those who teach, whether through the medium 
of research or not, can more effort be made to 
screen your students, the academic minded from 
the non-academic. We cannot afford to be so 
wasteful as we have in the past, now that higher 
education is regarded as a right and not a privilege. 
I recently read an account of  an interview with a 
distinguished biochemist - professor at a disting- 
uished European university: 'D~ring the five years 
since I have been here, the numbers entering the 
final honours chool for biochemistry have risen 
from about 20 to 60 and the competition for 
places is considerable. All the graduates are finding 
jobs. There has been no trouble at all so far, although 
I have been expecting that there would be difficul- 
ties. I offer to help and give advice, but so far the 
students have all got fixed up easily without much 
help from me. Of course they go into many fields. 
I am always impressed by the diversity. They include 
the church and medicine, and we also get merchant 
bankers, accountants: one went into the paratroops 
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last year. Rather over half will become professional 
biochemists'. 
The score is hardly better than I recall 40 years ago. 
I was attracted recently by an article about 'S' men 
and 'D' men, the 'S' men who spot similarities and the 
'D' men who spot difference~. This is interesting 
because it was noted by Francis Bacon 350 years ago: 
'There is one principal and radical distinction between 
different minds, in respect of  philosophy and the 
sciences: which is this, that some minds are stronger 
and apter to mark the differences of things - others 
to mark their resemblances'. The managers - or the 
action men - are the 'D' men. The scientists - or the 
thinking men - are the 'S' men. The former, it has 
been said, act before they think - if they ever think - 
the latter think before they act - if they ever act. 
The businessmen reach a decision 
The academics reach a conclusion. 
It would be a great help to industry and business 
and a considerable saving of teaching time, if there 
were some screening out of those really not cut out 
for the academic world or mutatis mutandis, for the 
business world. 
2. To students or research men looking to industry 
Make use of your time at university to f'md out 
what kind of  person you are. Remember that to 
think deeply on one topic for three years is a poor 
groundwork for thinking clearly on ten different 
topics in one morning. Remember the dangers of 
perfectionism. The perfect is the enemy of the 
good and when it comes to marketing, while you 
are quietly perfecting - your competitor is out in 
the market place noisily selling. Remember that 
what your Ph.D. has demonstrated is p~ieeless 
namely your patience and honesty; but - remember 
that other people are often fight without being able 
to explain why - as you can. 
At the receiving end I would suggest: 
3. To managers 
Good scientists can become good managers, but it 
is uphill work because of the many shortcomings I 
have outlined which mean that so much of the 
daily work of management goes against he grain. 
After an exposition of  the principles of D.C.F. 
calculation, for the measurement of relative 
advantages of projects, by a good management 
accountant, I have heard a raw, mathematically 
minded, scientist exclaim in disgust - but how else 
could you possibly do it? Sometimes it is called 
academic arrogance, or sometimes not suffering fools 
gladly. It can be most irritating; especially as some- 
one has said - most managers would rather live 
with a problem they cannot solve than accept a 
change they do not understand. 
4. To employers and business men 
If you do employ trained scientists, remember that 
free range hens lay better eggs. Give them plenty 
of rope for their own ideas, and their own way of 
doing things. Let them have even up to 20% of 
their time about which you do not question. 'Do 
not muzzle the ox that treadeth out the corn'. 
Also, if you yourself happen to have known any- 
thing in the world of  science - keep it dark. 
5. To political scientists or scientific politicians 
The scientific spirit can be pushed to national aims 
only just so far. The 'brain-drain' has come and 
gone, but it was only a sympton of a fundamental 
phenomenon, amely, free trade in brains. 
Science policy must not be confused with the 
politics of science. In politics, a week is a long time, 
as a prime minister has reminded us. Science policy 
is a branch of economic policy in which the penal- 
ties of false starts, and stops, and inadequate fore- 
sight are very severe. 
Over-enthusiastic s ience policy fans should 
remember that all progress begins with an idea - 
not a policy. I have referred, earlier on, to the 
dubious attitude that science should be 'relevant'. 
'He who bends to himself a joy -doth  the winged 
life destroy'. Indeed, 'national' science policy is so 
often too small-minded an affair these days, the air 
and the waters that surround us are not as national- 
istic as we are. Let us do all we can to stimulate 
an awareness among voters and politicians as to the 
implications at least of what other people are up 
to. That is plain common sense and how lacking it 
is in some countries where schools exist which 
teach no science at all. 
And again, as for science in industry - I repeat -
do not starve the pure scientist - the well spring of 
ideas and progress. 
6.7'0 those on the university~industry interface 
On the side of industry the aim is to 'beat the 
literature' - to get results quickly to the interested 
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user. This presupposes that industry contains 
adequate scientific personnel to recognise and 
understand an opportunity when it is presented. 
This - in smaller firms - is a real problem. Purists 
argue that it is much better for a firm to have a 
wide link with a university in this multi-disciplinary 
world, rather than just with one department. I 
doubt whether many universities or firms have 
reached this degree of sophistication. So often the 
link is built up from a rapport between just two 
men who understand and trust each other. Those in 
industry, for their part, must always bear in mind, 
and respect, the different approach of the dedicated 
academic mind. 
7. Finally, a word to biochemists 
In his C.P. Snow lecture two years ago, Harvey 
Brooks said: 'An important process by which basic 
science is applied is by flow through other sciences 
which are themselves applied. There is a sort of 
hierarchy of sciences beginning with mathematics 
and running through physics, chemistry, biochemis- 
try, biology, and medicine. At each level the science 
has a higher degree of potential applicability and 
yet all are highly inter-dependent, both conceptually 
and for instrumentation a d experimental techni- 
ques'. I would not myself care for the word 
'hierarchy'. I would prefer 'spectrum', or rather to 
regard biochemistry as a meeting place of too many 
disciplines for either of those terms to apply. 
Biochemistry more than most, needs and breeds 
'random-access' minds. 
The well trained mind is logical, the brilliant mind 
is more than that - it is illogical. It takes jumps - it is 
crazy. As Niels Bohr wrote to Pauli 'It is not that your 
theory is crazy, we all agree on this; but is it crazy 
enough? 
So it is in the business world, and the brilliance of 
a revolutionary scientist shares omething with the 
brilliance of the successful business entrepreneur. 
I was about o write something about he debt that 
industry, and the fermentation i dustry in particular, 
and the consuming public owe to biochemistry, as 
revealed by your meeting over the last four days, but 
then I thought about Jenner, and Pasteur, and two 
points came clearly to mind: First, that the roots of 
biochemistry lie in industry, originally in fermentation. 
later in pharmaceuticals nd petrochemicals; Secondly, 
that industry plays a vital and not fully recognised part 
in cross fertilisation of scientific ideas. For example, 
gas liquid chromatography was suggested by Martin 
and Synge in 1941, as a possible technique, in a paper 
on separation of amino acids by paper chromatography. 
It was developed by Martin and James in 1952 almost 
as an academic exercise, and used by them for separa- 
tion of fatty acids. It was then rapidly taken up and 
perfected by the petroleum industry. Much later it 
was used for amino acid separation. 
Again, the recently developed technique of particle 
track etching, which has found applications in a very 
wide range of technologies, owes its rapid progress, it
is claimed, to the deliberate juxtaposition within the 
general electric research laboratory at Schenectady of
those who wanted to do scientific work with those 
who wished to use scientific results. 
This meeting indeed illustrates the vast melting pot 
into which are tipped so many different disciplines 
under the one common heading. 
I indeed hope that people thinking of entering 
industry today will no longer feel that they are cross- 
ing over into a dark inward looking and sordid prison 
poisoned by the profit motive, the profits by the way, 
the tax on which contributes to universities and 
research grants. Certainly no vital industry today can 
afford to be inward looking. You are very clmter in- 
deed if you know what business you may be in in ten 
years' time, let alone what products you will be making. 
This meeting also underlines the extent of the very 
necessary self-control which must be exerted by new 
technology - a control mechanism that has been 
perhaps too slow acting for too long. 
Applied science has become what is now called 
public interest science and it must be a lot more open, 
or it will suffer for it, whether it be drugs or bacterial 
chemical warfare or supersonic transport. Consumer- 
ism is out watching and is much better informed. 
But in recognising this, let us be careful not to 
extinguish the vital spark of the search for new 
knowledge. That must go on and the men must be 
there, as George Herbert said nearly 400 years ago: 
"A man that looks on glass, 
on it may stay his eye; 
or, if he pleaseth, through it pass, 
and thus the Heaven espy". 
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